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Introduction
In 2014, CDC marks the 30th anniversary of the Behavioral Risk Factor Surveillance System (BRFSS), which now administers surveys in 50 U.S. states, the District of Columbia, the Commonwealth of Puerto Rico, Guam, American Samoa, Palau, and the Federated States of Micronesia. 1 The unique features of the BRFSS allow for estimation of risk behaviors, health conditions, and general health indicators for policymakers at state and substate jurisdictions. For many of its users, the BRFSS is the sole source of this much-needed information. BRFSS collects information from more than 450,000 adult interviews each year, making it the largest continuously conducted telephone health survey system in the world. 1 Since the establishment of BRFSS in 1984, many authors have used the survey's publicly available data to conduct their research. Understanding how the data are used can help ensure that the most relevant information is being collected to serve the widest range of users. Although web analytics confirm numerous BRFSS data downloads and conference attendance records indicate strong interest in BRFSS data sets, tracking actual use of BRFSS data in publications can be a challenge because of the public-use nature of the data. Bibliometrics provides a novel, easy, and interesting way to summarize the large amount of information contained in BRFSS publications.
Bibliometrics pioneer Alan Pritchard 2 defined this summary technique as "the application of mathematics and statistical methods that sheds light on the processes of written communication," which is commonly used to analyze trends in publications. More recently, there have been a number of studies using bibliometrics to assess the contribution an article, topic, or researcher makes in a particular field of study. For example, researchers have used bibliometrics to track the focus of tobacco research, 3 track the global trends of solid waste research, 4 map research collaboration in the business and management field, 5 assess global trends in laparoscopy research, 6 and assess trends in remote sensing research. 7 This study follows the lead of previous research to gauge the contributions of the BRFSS.
A bibliometric analysis of BRFSS, which had never been done on a large health survey before this article, provides insight about BRFSS data users, the research they are conducting, and where and when these studies are being performed. The objective of this bibliometric analysis is to use visualization of similarities (VOS) mapping and other bibliometric techniques to determine the most frequently cited BRFSS-related topical areas, institutions, and journals.
Methods
For this analysis, a search of the Web of Science, 8 a database made available through the Thomson Reuters Web of Knowledge, was conducted. The Web of Science is an online scientific indexing service that is the world's leading source of scholarly research data on citation activity. The Web of Science was used to search and analyze the work of authors citing BRFSS data as well as determine how the data were being used. BRFSS-related publications from the year of the survey's inception in 1984 through 2012, the year during which complete data were available in 2013 at the time of this analysis, were identified. The search was limited to topic key terms BRFSS, Behavioral Risk Factor Surveillance System, or Behavioral Risk Survey. The search was also limited to articles, meeting abstracts, and proceedings papers published in the U.S. in the English language during the 1984-2012 selected time period. During the literature search, it was determined that the first publication using BRFSS was published in 1990. Thus, this analysis focuses on the years 1990-2012.
The Web of Science service also provides a way to download expanded citations for use in other software for producing citation trend graphics. The downloaded data were used to determine the journals that published BRFSS-related research most frequently. The analysis was divided into two groups: the last decade (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) and prior (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . Journal impact factors were searched via the 2012 Journal Citation Report (JCR) for journals publishing 20 or more BRFSS-related research papers during the study period. 9 The 2012 JCR calculates a journal's impact factor by dividing the number of citations of that journal in the 2012 JCR divided by the number of articles published in 2010 and 2011. 10 An impact factor of 1.0 means that articles published in 2010 and 2011 on average were cited one time in 2012.
The downloaded Web of Science reference data were used to plot the number of BRFSSrelated publications by year from 1990, when the first BRFSS-related studies were published, to 2012, the year during which complete data were available at the time of this analysis. The number of citations of BRFSS-related publications was also plotted by year. For comparison, the Web of Science was used to search for publications related to the National Health Interview Survey (NHIS), a similar but national public health surveillance system, by searching topic key terms NHIS or National Health Interview Survey. As in the BRFSS search, this search was limited to articles, meeting abstracts, and proceedings papers published in the U.S. in the English language during the 1990-2012 time period. Information extracted from the Web of Science BRFSS search was plotted against the same information obtained from the NHIS search. Trend lines were chosen by conducting simple linear regressions.
The references were also imported into VOSviewer, version 1.5.4, to plot a relevance distance-based map. VOSviewer uses a unified approach to mapping and clustering. The software maps citation terms where the overall distance between terms provides information on their relatedness based on co-occurrences in documents. The x-axis and y-axis have no special meaning because the maps may be freely rotated and flipped. It also clusters citation terms and portrays the topic by color. The density of occurrence of information is portrayed by the size of the circle. Detailed information on this software is available elsewhere. 11 VOSviewer was used to develop a visual representation of the most commonly cited words in BRFSS-related research. A term map was created on the basis of a text corpus from title and abstract fields using ten as the minimum number of occurrences of a term. A thesaurus was created, which allowed the software to recognize different spellings of the same word, so variations would not be shown as separate items.
Results
Through the Web of Science search, there was a steady increase in the number of articles published using BRFSS data since the surveillance system started in 1984. From the year the first manuscript using BRFSS was published (1990) until 2012, a total of 1,278 articles, 70 meeting abstracts, and 39 proceedings papers were found. Most of the references (84.2%) were published in the last 10 years. As of 2012, publications using BRFSS were cited about 34,000 times-equating to an average of about 1,500 citations per year. The number of citations for newer articles will naturally increase because the largest number of publications using BRFSS was in 2012 (n=158, equating to about 12.1% of publications) (Figure 1 ). More than 300 journals have published articles using information from the BRFSS; the American Journal of Preventive Medicine, American Journal of Public Health, Preventive Medicine, and Preventing Chronic Disease published the most manuscripts ( Table 1) . Most of the publications were in the fields of public, environmental, and occupational health (n=768); general and internal medicine (n=268); healthcare policy and services (n=110); healthcare sciences and services (n=94); endocrinology and metabolism (n=61); and oncology (n=60) ( Table 2 ).
The plot for the graph that displays the total number of publications per year (Figure 2A) shows that the BRFSS (solid black line) and NHIS (dotted gray line) have also had a steady increase in publications over time, and that around the year 2008, the total number of publications using the BRFSS identified in this analysis exceeded those using NHIS. The plot of citations comparing the BRFSS and NHIS shows that there has been a considerable rate of increase in the citations for both the BRFSS and NHIS over time ( Figure 2B) . Overall, the NHIS has more citations than BRFSS during the study period.
Bibliometric maps are used to determine the terms that are often used in the same publications. One such application of how VOSviewer has been used for a cluster analysis is an analysis of terms related to Nature and Science editorials. 12 According to the bibliometric map (Figure 3) , most of the research during the 1990-2012 time period was conducted in content areas such as cancer screening (right corner in dark blue); state or regional studies (top right in green); cardiovascular health (bottom center in pink); obesity (near center in light blue); quality of life (left in red); and alcohol consumption (top left in yellow); but research topics ranged widely from behavioral sciences to determinants of health. The authors of articles using the BRFSS were mostly affiliated with CDC (502 publications) and academic centers such as the University of Washington (81 publications) and Harvard University (43 publications) ( Table 3 ).
Discussion
BRFSS data are being used increasingly to publish on emerging public health research needs, as the data provide public-use, state-based, and selected local data on a wide range of topics related to behavioral health outcomes and risk factors. However, given the public-use nature of BRFSS data, and the easy access from CDC's BRFSS website, it had been difficult to quantify the impact of this data to the field of public health. Through a search of the Web of Science, 8 a steady increase was found in the number of articles published using BRFSS data since the surveillance began in 1984. In fact, a majority of the research reports have been published during the last 10 years. The last year of data included in this study (2012) saw the greatest number of publications using the BRFSS. By looking at citations and publications, it is evident through the analysis of the literature that BRFSS data greatly contribute to the advancement of public health. abstracts of research using BRFSS. Content areas publishing the most articles using BRFSS were gleaned. The findings suggest that BRFSS data are being used for a wide range of topics including regional analysis, cardiovascular health, quality of life, and alcohol consumption. This analysis helped BRFSS determine which organizations published the most research using BRFSS data and which journals published them. The American Journal of Preventive Medicine, which had an impact factor of 3.94, published the most BRFSS-related research (Table 1) . According to this analysis, CDC published the most research using BRFSS data (36.2%); however, academic institutions, particularly those hosting top-ranked schools of public health, also used BRFSS data to publish research (Table 3) .
Every effort was made to be as accurate as possible in this project; however, bibliometric analyses do have some associated limitations. First, the Web of Science sometimes counts the same word as different if it has been spelled differently or if it appears with varying abbreviations from journal to journal. To account for this, names of institutions and keywords were manually reviewed, and the built-in VOSviewer thesaurus option was used to re-categorize words when this potential inaccuracy occurred. Finally, because bibliometrics assesses the quantity of scientific publications-not quality-an article's content was not considered for its strength, value, or individual contribution to the literature. This research did find, however, that most of the articles identified for this study were published in reputable peer-reviewed journals.
The utility of bibliometric analyses goes beyond information and library science. This study may encourage other agencies to evaluate how their data are being used. Bibliometrics of citations is useful for an entity such as CDC BRFSS in identifying, diagraming, and comparing the most frequently published BRFSS-related authors, publishing journals, topics, and content. Bibliometrics allows the analysis and visualization of the type of research that has been done and by which journals so that BRFSS stakeholders can direct their efforts if needed. Mapping of keywords based on a co-occurrence network of Behavioral Risk Factor Surveillance System-related research, 1990-2012. Source: Leiden University. VOSviewer. www.vosviewer.com/. Note: VOSviewer uses a unified approach to mapping and clustering. The software maps information where the overall distance between terms, provides information on the relatedness of terms based on co-occurrences in documents. It clusters information and portrays the topic by color. At bit.ly/N6c405 this density map can be opened with VOSviewer and examined in detail. Figure 3 shows that based on the colors of this map, most research was conducted in the following content areas: cancer screening (right corner in dark blue); state or regional studies (top right in green); cardiovascular health (bottom center in pink); obesity (near center in light blue); quality of life (left in red); and alcohol consumption (top left in yellow). 
